Postsynaptic AMPA-type glutamate receptors (AMPARs) mediate most fast excitatory synaptic transmission and are crucial for many aspects of brain function, including learning, memory and cognition. The number, synaptic localization and subunit composition of synaptic AMPARs are tightly regulated by network activity and by the history of activity at individual synapses. Furthermore, aberrant AMPAR trafficking is implicated in neurodegenerative diseases. AMPARs therefore represent a prime target for drug development and the mechanisms that control their synaptic delivery, retention and removal are the subject of extensive research. Here, we review recent findings that have provided new insights into AMPAR trafficking and that might lead to the development of novel therapeutic strategies.
Introduction AMPA-type glutamate receptors (AMPARs) are highly mobile proteins that undergo constitutive and activitydependent translocation to, and removal from, synapses. Increases in synaptic AMPAR function through changes in their number, composition and/or properties result in the long-term potentiation (LTP) of synaptic efficacy. Conversely, removal of synaptic AMPARs provides a mechanism for long-term depression (LTD) [1] . Regulated AMPAR trafficking is also involved in slower, non-Hebbian mechanisms of plasticity [2] .
AMPARs are tetrameric complexes of combinations of four separate subunits (GluA1-4). There are multiple routes for the delivery and removal of synaptic AMPARs and their respective contribution depends on the precise subunit composition and specific signaling cues. Significant recent progress has been made towards understanding the molecular control of AMPAR trafficking. Owing to space constraints and the focus on recent advances in this review, many important preceding studies are not discussed; for more extensive reviews of the field, we recommend excellent earlier publications [3] [4] [5] [6] [7] [8] [9] [10] .
Mechanisms of synaptic AMPAR delivery
Neuronal morphology requires proteins synthesized in the soma to travel considerable distances to distal synapses. Although one report has suggested that AMPARs are inserted in the soma and travel laterally along the dendritic membrane to synapses [11] , the majority of evidence indicates that most AMPARs undergo kinesin- Ephrins and Eph receptors: bidirectional receptor tyrosine kinase signaling system that mediates multiple neuronal processes, including cell migration, neurite outgrowth and synapse formation. Exocyst complex: octameric complex of proteins that directs exocytic vesicles to defined plasma membrane sites. Homer: adaptor/scaffold protein enriched in the PSD that binds multiple proteins, tethering them into signaling complexes. The Homer1a isoform is induced by neuronal activity. Integrins: cell surface signaling receptors that activate kinases and also act as cell adhesion molecules as well as attaching to components of the extracellular matrix. Kalirin-7 (huntingtin-associated protein interacting protein, HAPIP): isoform of Rho GEF involved in synapse remodeling and implicated in schizophrenia and AD. N-cadherins: Ca 2+ -dependent transmembrane cell adhesion proteins that bring regions of membranes from separate cells (e.g. pre-and postsynaptic) in close juxtaposition. The intracellular domain binds catenins that regulate the actin cytoskeleton. Neurexin-neuroligin: presynaptic neurexins are receptors for postsynaptic neuroligin. The neurexin-neuroligin interaction is required for synapse formation and promotes AMPAR accumulation. N-ethylmaleimide-sensitive factor: homohexameric ATPase that is crucial for presynaptic neurotransmitter release and is involved in postsynaptic AMPAR trafficking. p21 activated kinases: kinases activated by the small GTP binding proteins CDC42 and Rac1. Involved in a wide range of cellular signaling activities. Palmitoylation: fatty acid (usually palmitic acid) post-translational modification of cysteine residues in membrane proteins that alter the properties/functions of the substrate protein.
Protein interacting with C kinase 1 (PICK1): multifunctional adaptor protein that interacts with many PDZ ligand proteins, including AMPAR subunits, to regulate their distribution and function. Protein kinase M zeta (PKMz): N-terminal truncated form of the atypical PKCz proposed as a memory substrate responsible for maintaining LTP. Ras-ERK signaling pathway: phosphorylation signaling pathway that communicates events occurring at the cell surface detected by receptor tyrosine kinases via activation of small Ras family GTPases to complex intracellular kinase cascades (e.g. the ERK pathway), which invoke appropriate cellular responses. Stargazin (g-2): the first TARP to be characterized. It is classified as an AMPAR auxiliary subunit. Total internal reflection fluorescence (TIRF) microscopy: specialized microscope that uses an evanescent wave to excite fluorophores immediately adjacent to the glass-water interface, allowing selective visualization of events in the plasma membrane. Corresponding author: Henley, J.M. (j.m.henley@bristol.ac.uk)
